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MRS  Workshop  Explores  the  Diversity  of 
3D  Multifunctional  Ceramic  Composites 

www.mrs.org/meetings/workshops 


The  MRS  Workshop  on  Three- 
Dimensional  Multifunctional  Ceramic 
Composites  was  held  at  the  Beckman 
Institute  on  the  campus  of  the  University 
of  Illinois  at  Urbana-Champaign  (UIUC) 
October  3-5,  2005.  Organized  by  Paul  V. 
Braun  of  UIUC,  C.  Jeffrey  Brinker  of  the 
University  of  New  Mexico  and  Sandia 
National  Laboratories,  and  Shanhui  Fan 
of  Stanford  University,  the  workshop 
reached  an  audience  of  about  100  atten¬ 
dees  from  academic  institutions,  govern¬ 
ment  laboratories,  and  private  industry. 
The  scientific  and  technical  underpin¬ 
nings  of  self-assembly  and  properties  of 
self-assembled  3D  ceramic,  composite. 


Figure  1.  Laser  scanning  confocal  micro¬ 
scope  images  of  binary  coiioidai  crystais 
formed  from  charged  (red,  radius  1.16 
pm)  and  uncharged  (green,  radius  0.36 
pm)  poiy(methyi  methacryiate)  (PMMA) 
particies  in  an  index-matching  soivent. 

(a),  (b)  NaCi-type  crystais.  (a)  NaCi-type 
crystai  with  a  hexagonai  piane  and  the 
unit  ceii  in  a  hexagonai  (1)  and  a  cubic  (2) 
representation,  (b)  NaCi-type  crystai  with 
a  piane  perpendicuiar  to  the  hexagonai 
dose-packed  iayers,  showing  the  ABC- 
stacking  of  both  the  iarge  and  smaii  parti¬ 
cies.  (c)  NiAs-type  crystai  with  a  superpo¬ 
sition  of  confocai  images  of  10  iayers, 
and  the  corresponding  modei.  Aii  scaie 
bars  are  8  pm.  Reprinted  by  permission 
from  Nature  437  (2005)  p.  235. 


and  semiconductor  structures  were 
emphasized.  The  technical  program  con¬ 
sisted  of  invited  presentations  from 
renowned  experts,  along  with  selected 
contributed  presentations,  posters,  and 
hands-on  tutorials  given  by  expert  facul¬ 
ty.  The  topics  explored  included  new 
developments  in  3D  photonic  crystals, 
chemical  and  biological  sensors,  nano¬ 
particle  assemblies,  rapid  fabrication 
techniques,  active  membranes,  3D  holo¬ 
graphic  patterning,  and  modeling  and 
theory  of  3D  optical  devices. 

J.A.  Rogers  (UIUC)  opened  the  work¬ 
shop  with  his  presentation  on  the  phase 
mask  holographic  formation  of  3D  poly¬ 
mer  and  inorganic-organic  composite 
microstructures.  In  this  work,  he  demon¬ 
strated  that  complex  3D  microstructures 
can  be  formed  over  large  areas  in  photo¬ 
resist  using  only  a  simple  contact  phase 
mask  formed  from  poly(dimethylsiloxane) 
(PDMS)  and  fairly  incoherent  ultraviolet 
light.  This  lecture  was  the  first  in  a  number 
of  presentations  by  speakers  demonstrat¬ 
ing  the  formation  of  photonically  active  3D 
microstructures  by  self-assembly  and 
directed  assembly  routes.  D.  O'Brien 
(Army  Research  Laboratory)  presented  his 
work  on  creating  large-area  photonic  crys¬ 
tals  through  both  interferometric  lithogra¬ 
phy  and  coUoidal  assembly.  Although  the 
defect  density  in  these  crystals  is  higher 
than  for  colloidal  crystals  formed  through 
more  complex  routes,  he  noted  that  good 
colloidal  crystals  could  be  formed  through 
simple  spin-coating  techniques.  In  another 
route  to  ordered  3D  microstructures,  he 
demonstrated  the  modem  3D  microscale 
example  of  the  bubble  raft  model. 

Formation  and  characterization  of  com¬ 
plex  3D  micro-  and  nanostructures  were 
investigated  by  a  number  of  the  presenters. 
For  example,  D.  Pine  (New  York  Univer¬ 
sity)  demonstrated  the  constmction  of  com¬ 
plex  coUoidal  assemblies  through  surface- 
tension-driven  aggregation.  The  resulting 
colloidal  "molecules"  have,  for  example, 
triangular,  tetrahedral,  and  octahedral 
symmetries.  Pine  then  explored  several 
routes  to  combine  these  colloidal  mole¬ 
cules  into  larger  colloidal  crystals  that 
may  exhibit  unique  optical  properties.  As 
it  is  well  known  that  fee  colloidal  crystals 
are  not  ideal  for  photonic  applications, 
the  tetrahedral  clusters  Pine  has  created 
may  provide  a  needed  route  to  colloidal 
crystals  with  diamond  symmetries. 
Complex  colloidal  structures  can  also  be 
formed  through  the  assembly  of  mixtures 


Workshop  co-organizers  Jeff  Brinker 
(ieft)  of  Sandia  Nationai  Laboratories 
and  Paui  Braun  of  the  University  of 
liiinois  at  Urbana-Champaign  enjoy  the 
evening  reception  at  the  MRS 
Workshop  on  Three-Dimensionai 
Muitifunctionai  Ceramic  Composites. 
Workshop  co-organizer  Shanhui  Fan  of 
Stanford  University  is  not  pictured. 


of  different-sized  building  blocks.  A.  van 
Blaaderen  (Utrecht  University)  and  C. 
Murray  (IBM)  each  showed  their  routes 
to  creating  complex  binary  colloidal  crys¬ 
tals.  Van  Blaaderen  forms  his  structures 
from  mixtures  of  micron-sized  particles 
(see  Figure  1),  whUe  Murray  creates  binary 
colloidal  crystals  from  dispersions  of  inor¬ 
ganic  nanoparticles.  In  both  cases,  com¬ 
plex  structures  with  unique  electrical  and 
optical  properties  were  formed.  Although 
work  remains  to  fully  understand  the 
properties  and  assembly  of  these  binary 
crystals,  these  studies  suggest  that 
through  accurate  control  of  particle  size 
and  charge,  it  should  be  possible  to  self- 
assemble  polymer,  ceramic,  semiconduc¬ 
tor,  and  metal  building  blocks  into  meta¬ 
materials  with  all  the  same  symmetries 
seen  in  ionic  or  metallic  solids. 

One  powerful  route  to  the  assembly  of 
3D  multifunctional  composite  structures  is 
the  biologically  mediated  synthesis  and 
assembly  of  materials.  Several  presenta¬ 
tions  on  this  topic  demonstrated  that  bio¬ 
logical  macromolecules  found  in  living 
organisms  can  be  used  to  direct  the  forma¬ 
tion  of  composite  structures  with  unique 
properties.  Y.  Lu  (UIUC)  presented  his 
work  on  using  enzymatically  active  DNA 
to  direct  the  formation  of  nanoparticle 
assemblies,  and  for  the  removal  of  errors 
from  such  self-assembled  structures.  This 
work  is  unique,  as  it  represents  a  new 
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route  to  correction  of  the  errors  inherent  in 
self-organized  media.  Along  a  similar  line, 
J.E.  Hutchison  (University  of  Oregon) 
showed  a  number  of  detailed  projects 
where  DNA  was  used  to  assemble 
nanoparticles  into  complex  ID  and  2D 
structures.  Biological  macromolecules 
were  also  demonstrated  to  be  active  for 
directing  the  mineralization  of  inorganic 
materials.  R.R.  Naik  (Air  Force  Research 
Laboratory)  showed  how  polypeptide 
sequences  could  drive  the  deposition  of  sil¬ 
ica  even  under  very  mild  conditions.  B.F. 
Chmelka  (University  of  California,  Santa 
Barbara)  presented  a  number  of  nuclear 
magnetic  resonance  (NMR)  and  other 
characterization  experiments  which  pro¬ 
vided  a  deep  understanding  of  the  struc¬ 
ture  of  the  inorganic  pore  walls  in  meso- 
porous  materials  formed  by  a  number  of 
routes,  both  synthetic  and  biological. 

The  hands-on  tutorials  preceding  the 
technical  sessions  were  a  unique  and 
important  part  of  this  workshop.  There 
have  been  a  number  of  recent  develop¬ 
ments  in  the  formation,  properties,  and 
modeling  of  3D  ceramics  and  composites 


Margaret  Shyrand  Florencio  Garcfa- 
Santamarfa,  both  of  UlUC,  discuss 
Shyr’s  research  at  the  poster  session. 


that  are  best  explored  in  a  hands-on  envi¬ 
ronment.  Laboratories  on  the  campus  of 
UIUC  were  used  for  a  number  of  the  tuto¬ 
rials.  The  following  six  tutorials  were 
given  by  experts  in  their  respective  fields: 
Opal  Synthesis,  Assembly,  and  Charac¬ 


terization  (Instructor:  P.V.  Braun); 
Introduction  to  Photonic  Crystals  (In¬ 
structor:  S.  Fan);  3D  Holographic  Litho¬ 
graphy  (Instructor:  P.  Wiltzius,  UIUC); 
Direct-Write  Assembly  of  3D  Structures 
(Instructor:  J.A.  Lewis,  UIUC);  Self- 
Assembly  of  Porous  and  Composite 
Nanostructures  (Instructor:  C.J.  Brinker); 
and  DNA-Based  Assembly  and  Sensing 
(Instructor:  Y.  Lu,  UIUC).  The  tutorials 
included  theory  and  optical  characteriza¬ 
tion  of  photonic  crystals,  the  principles 
and  practice  of  holographic  lithography, 
the  fundamentals  of  ink-based  direct-write 
assembly,  self-assembly  of  highly  ordered 
inorganic  and  organic  mesoporous  mate¬ 
rials,  and  the  design,  S3mthesis,  and  char¬ 
acterization  of  DNA  for  assembly  and 
sensing  of  a  broad  range  of  analytes. 

Partial  support  of  the  MRS  Workshop 
on  Three-Dimensional  Multifunctional 
Ceramic  Composites  was  provided  by 
the  Army  Research  Office  and  the 
Beckman  Institute  at  the  University  of 
Illinois  at  Urbana-Champaign. 

Paul  Braun 

Chair  and  Co-Organizer 
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A:  Amorphous  and  Polycrystalline  Thin-Film  Silicon 
Science  and  Technology 

B:  Silicon  Carbide— Materials,  Processing,  and  Devices 

C:  Sub-Second  Rapid  Thermal  Processing  for 
Device  Fabrication 

D:  Transistor  Scaling — Methods,  Materials,  and  Modeling 
E:  Gate  Stack  Scaling— Materials  Selection,  Role  of 

Interfaces,  and  Reliability  Implications 
F:  Materials,  Technology,  and  Reliability  of  Low- /r  Dielectrics 
and  Copper  Interconnects 

G:  Science  and  Technology  of  Nonvolatile  Memories 
H:  Chalcogenide-Based  Phase-Change  Materials  for 
Reconfigurable  Electronics 

PHOTONICS,  ELECTRONICS,  MAGNETICS,  AND  SENSORS 


T:  Nanomanufacturing 

U:  Organic  and  Inorganic  Nanotubes— From  Molecular 
to  Submicron  Structures 

V:  Structure  and  Dynamics  of  Charged  Macromolecules 
at  Solid-Liquid  Interfaces 

W:  Colloidal  Materials — Synthesis,  Structure, 
and  Applications 

Y:  Nanostructured  Probes  for  Molecular  Bio-Imaging 

Z;  Mechanics  of  Nanoscale  Materials  and  Devices 

AA:  Molecular  Motors,  Nanomachines,  and  Engineered 
Bio-Hybrid  Systems 

BB:  Mechanotransduction  and  Engineered  Cell-Surface 
Interactions 

CC:  Electrobiological  Interfaces  on  Soft  Substrates 


For  additional  meeting  information, 
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Conjugated  Organic  Materials— Synthesis,  Structure, 

Device,  and  Applications 

Molecular-Scale  Electronics 

Hybrid  Organic/Inorganic/Metallic  Electronic  and 

Optical  Devices 

Semiconductor  Nanowires — Fabrication, 

Physical  Properties,  and  Applications 
Magnetic  Thin  Films,  Heterostructures,  and 
Device  Materials 

Nanostructured  Materials  and  Hybrid  Composites  for 
Gas  Sensors  and  Biomedical  Applications 
Smart  Nanotextiles 


ENERGY  AND  ENVIRONMENT 

DO:  Solid-State  Lighting  Materials  and  Devices 
EE:  Hydrogen  Storage  Materials 
FF:  Materials  and  Basic  Research  Needs  for 
Solar  Energy  Conversion 

GG:  Current  and  Future  Trends  of  Functional  Oxide  Films 
HH:  Recent  Advances  in  Superconductivity 
II:  Materials  in  Extreme  Environments 
JJ:  Materials  Science  of  Water  Purification 

FORUM 

KK:  Education  in  Nanoscience  and  Engineering 

GENERAL 

X:  Frontiers  of  Materials  Research 


SYMPOSIUM  TUTORIAL  PROGRAM 

Available  only  to  meeting  registrants,  the  symposium 
tutorials  will  concentrate  on  new,  rapidly  breaking  areas  of 
research  and  are  designed  to  encourage  the  exchange  of 
information  by  meeting  attendees  during  the  symposium. 

EXHIBIT 

A  major  exhibit  encompassing  the  full  spectrum  of  equipment, 
instrumentation,  products,  software,  publications,  and  services 
is  scheduled  for  April  18-20  in  Moscone  West,  convenient  to 
the  technical  session  rooms. 

SYMPOSIUM  ASSISTANT  OPPORTUNITIES 

Graduate  students  who  are  interested  in  assisting  in  the 
symposium  rooms  during  the  2006  MRS  Spring  Meeting 
are  encouraged  to  apply  for  a  Symposium  Assistant  position. 
By  assisting  in  a  minimum  of  four  half-day  sessions,  students 
will  receive  a  complimentary  student  registration,  a  one-year 
MRS  student  membership  commencing  July  1,  2006,  and 
a  stipend  to  help  defray  expenses.  Applications  will  be 
available  on  our  Web  site  by  November  1 . 

CAREER  CENTER 

A  Career  Center  for  MRS  members  and  meeting  attendees  will 
be  offered  in  Moscone  West  during  the  2006  MRS  Spring 
Meeting. 

PUBLICATIONS  DESK 

A  full  display  of  over  885  books  will  be  available  at  the  MRS 
Publications  Desk.  Symposium  Proceedings  from  both  the 
2005  MRS  Spring  and  Fall  Meetings  will  be  featured. 

GRADUATE  STUDENT  AWARDS 

The  Materials  Research  Society  announces  the  availability  of 
Gold  and  Silver  Awards  for  graduate  students  conducting 
research  on  a  topic  to  be  addressed  in  the  2006  MRS 
Spring  Meeting  symposia.  Applications  will  be  available  on 
our  Web  site  by  October  1  and  must  be  received  at  MRS 
headquarters  by  January  6,  2006. 
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